Preparation of guinea pig macrophage for electrophoretic experiments in space by unknown
FIPAL REPORT 
Preparation 0 f Guinea Pig Macrophage 
FOR 
Electrophoretic Experiments In Space 
(A )1S A - C R - 1 5 8 7 7 7 )  P R E P A R A T I O N  O F  G U I N E A  P I G  N 7 9 - 2 7 8 1 4  
NBCBOPHAGE FOR ELECTROPHORETIC E X P E R T I E N T S  
IN SPACE F i n a l  Report  (Alabana A E ?I Oniv., 
Normal.) 4 3  p HC A03/IlP A01 CSCL 06C Unclas G7/5l 27961 
Grant N o . w 4  - 
Submitted to 
, ' i, : >;.. 
'.. L.  .:. . J* 
George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 
May 1979 
https://ntrs.nasa.gov/search.jsp?R=19790019643 2020-03-21T22:54:59+00:00Z
ACKNOWLEDGEMENTS 
Alabama A&M appreciates Dw. Robert Sjqder and Linda Washington, 
as well  as Adam Saoldgrad for t h e i r  cooperation i n  the use of t h e i r  
laboratory f a c i l i t i e s  and expertise.  We are especial l y  gra te fu l  t o  Dr. 
9obert A1 l e n  abd M r .  Marion Kent f o r  t h e i r  support o f  t h i s  work. 
ABSTRACT 
The purpose o f  t h i s  study was t o  invest igate methods o f  storage and 
c u l t i v a t i o n  o f  macrophage c e l l  s i n  preparat ion for  space experiments. 
Induction and I so la t i on  o f  Macrophages; the animals used i n  t h i s  
experiment were i n jec ted  w i th  20 m l  o f  mineral o i l  o r  4% Thioglycolate ir'tto 
the per i toneal  t issue. A f t e r  f o u r  days the macrophage c e l l s  rere harvested 
and washed wi th  Hank's Balance Solut ion (HBSS) . 
V i a b i l i t i e s  and Mobi l i t ies ;  the v i a b i l i t i e s  o f  macrophage c e l l s  were 
determined by adding one m l  o f  c e l l  suspension t o  0.1 m l  o f  trypan blue 
dye. The so lu t ion  was mixed wel l  and a drop was added t o  hemacytometer. 
The mobil i t i e s  were determined by using a P a r t i c l e  Micro-Electrophoresi s 
Apparatus (Preece and Light,  1975). 
I n  the freezing method, 5 m l  o f  macrophage c e l l s  were suspended i n  
Medium 199 i n  a 15 m l  ampule v i a l .  Cryogenic pro tec t ive  agents (Glycerol 
and DMSO) were added a t  various concentrations. The c e l l s  were frozen a t  
-8p0c i n  a Kelvinator 100 freezer. A t  the end o f  5 days, the v i a b i l  i t i e s  
and mobil i t i e s  were determined. 
Results showed t h a t  freezing and thawing imnediately a f t e r  ex t rac t ion  
d id  not  cause a change i n  v i a b i l i t y  o r  e lectrophoret ic  m o b i l i t y  o f  the 
macrophage ce l l s .  However, prolonged storage a t  -80 '~ d i d  cause c e l l  
damage as indicated by a 95% reduction i n  v iable c e l l s .  
Cel l  damage was decreased when Glycerol o r  Dimethyl Sul f o x i  de (DMSO) 
was added as a cryogenic pro tec t ive  agent. A 100% v i a b i l i t y  was observed 
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i n  c u l t i v a t i o n  experiments a f t e r  two weeks due t o  the add i t iona l  serum. 
Resul t s  from gama-gl utanlyl transpeptidase study showed a zero a c t i  v i  ty 
rate. 
It i s  suggested t h a t  a f l a t  s ta t ionary  f i e l d  be used f o r  the c o l l e c t i o n  
and use of macrophage. I t  was found t h a t  a 24-hour delay i n  obtaining 
n~acrophage c e l l s  helps t o  maintain a pure cul ture.  
SUMMARY AND CONCLUSION 
This paper describes f u r t h e r  conf i rmat ion o f  the successful app l ica t ion  
o f  the Macrophage Electrophoret ic  M o b i l i t y  (MEM) Test t o  the detect ion 
of malignant disease. MEM Test reported slower m o b i l i t y  ra tes  
fo r  c e l l s  cu l tu red  i n  batch cu l tu res  and c e l l s  which were harvested f r o m  
animals w i th  tumors. 
Exper imnts using ganma-gl utamyl transpepti  dase as a ma1 ignant tunlor 
i n d i c a t o r  showed no evidence. No appreciable amount o f  enzyme was produced 
i n  the presence o f  Walker 256 carcinoma o r  mammary tumor. 
Data on the storage o f  guinea p i g  macrophage c e l l s  showed t h a t  f reezing 
and thawing imnediatedly a f t e r  ex t rac t i on  d i d  not  cause a change i n  thz  
v i a b i l i t y ,  on ly  a f t e r  long term storage. Cu l t i va t i on  studies have a lso 
showed t h a t  by adding proper nu t r i en ts  and changing o f  media every 12-hour 
per iod  could maintain c e l l  v i a b i l i t y  o f  100% over a two-week period. 
TABLE OF CONTENTS 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Acknowledgement i i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Abstract iii 
. . . . . . . . . . . . . . . . . . . . . . .  Sumnary and Conclusion i v 
. . . . . . . . . . . . . . . . . . . . . . . . .  T a b l e o f C o i ~ t e n t s .  v 
. . . . . . . . . . . . . . . . . . . . . . . . . .  L i s t  o f  Tables v i  
. . . . . . . . . . . . . . . . . . . . . . . . .  L i s t  o f  Figures v i i  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Introduction 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  L i t e r a t u r e  Review 2 
. . . . . . . . . . . . . . . . . . . . . . .  Mater ia ls  and Methods 7 
. . . . . . . . . . . . . . . . . . . . . . .  Results and Discussion 14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  References 33 
LIST OF TABLES 
Table Page 
1. Viabi 1 i t i e s  of macrophages i n  batch culture ... 15 
2. Viabi 1 i t i e s  of macrophages in continuous 
cultivation ............................. 17 
3. Viabi 1 i t i e s  c f  macrophages in continuous 
culture with additives .................. 19 
4. Viabiiities of macrophages in batch cul tui.2 
with additives .......................... 21 
5. Viabilities o$ macrophages stored a t  4 ' ~  
and -70 C ............................... 23 
6. Survival time of macrophages i n  Dimethyl 
Sulphoxide (DMSO) and Glycerol .......... 24 
7. Mobilities of macrophages stored in DMSO and 
Glycerol ................................ 27 
8, Viabilities of macrophages stored in liquid 
................................ nitrogen 29 
LIST OF FIGURES 
Figures Page 
1.  Rank particleelectrophoresis .............. 10 
Continuous culture sys tern 
3. The influence of Glycerol on guinea pig 
macrophage viabi 1 i ty .................. 26 
4. Mammary tumor cel ls  ........................ 31 
5. The amount of gamrna-glutamyl transpeptidase 
activity ............................. 32 
The p r imary  emphasis o f  immunological research i n  neoplasia dur ing  
the  past  two decades has been t he  d e f i n i t i o n  and c h a r a c t e r i z a t i o n  o f  
tunor components t h a t  a re  absent f rom corresponding normal t i ssue .  The 
existence o f  tumor-associated an t igens  on c e r t a i n  exper imental  neoplasm 
i s  now w ide l y  substant ia ted,  and f o r  some neoplasm these extecd n o t  o n l y  
t o  those evok,ing t r a n s p l a n t a t i o n  res is tance ,  b u t  a l s o  t o  more w ido l y  
cross- react ing e n t i t i e s  o f  v i r a l  and embryonic type. M i  t h  the increased 
i n t e r e s t  i n  immunological research, t h i s  s tudy presents  methods of de- 
t e c t i n g  mal ignant  diseases by  on~p loy ing  the  s p e c i f i c i t y  i n  most i m -  
mune response. The technique i nvo l ved  i s  the  Macrophage E lec t r opho re t i c  
M o b i l i t y  (MEM) Test. The KtM Test i s  based on the  n e t  e l ec t r onega t i ve  
surface charge o f  guinea p i g  p e r i t o n e a l  macrophage as an i n d i c a t o r  o f  
lymphocyte ant igen i n t e r a c t i o n .  The data f rom the  MEM Test  i n d i c a t e d  
t h a t  a  marked decrease o f  t h e  n e t  e l e c t r o s t a t i c  charge (F ie1 d and Cas- 
pary, 1970) o f  pe r i t onea l  macrophages f r c ~ n  tuber-cul i n  s e n s i t i v i t y  i n  
guinea p igs.  When examining human macroptlages i t  appears t h a t  the  vas t  
ma jo r i t y  o f  p a t i e n t s  w i t h  mal ignancies exc lud ing  those o f  t h e  lymphoid 
system are  sens i t i zed  t o  an an t i gen  common t o  a l l  cancers, i r r e s p e c t i v e  
o f  anatomical d e r i v a t i o n  o r  h i s t o l o g i c a l  c l a s s i f i c a t i o n .  
Stud ies o f  macrophage c e l l s  f rom unst imulated animals have revealed 
extensive changes du r i ng  matu ra t ion  i n  the  morphology and i n  the  con ten t  
o f  some i n t r a c e l l u l a r  enzymes such as a c i d  phosphates (Glenner e t  a l ,  
1972). However, b iochemical  markers f o r  the  plasma membrane which r e f l e c t  
se ro log ica l  o r  enzymological d i f fe rences  i n  tumor macrophages w i  11 be 
inves t iga ted .  
LITERATURE REV1 EW 
I .  &sio log ica l  Functions - o f Hacrophage Ce l l  s 
Macrophage p lay m n y  s i g n i f i c a n t  ro les  i n  the inf lamnatory pro- 
cesses. They can cont ro l  the product ion o f  humoral factors;  they a lso  
p lay  a r o l e  i n  tumor c y t o t o x i c i t y  i n  the re t icu loendothe l ia l  sys- 
tem as we l l  as i n  the inflammatory response occurr ing i n  a heal ing wound 
(Wachsmuth and Stoye, 1977). The macrophage c e l l  i s  one o f  the f i r s t  
c e l l  types t o  be establ ished i n  primary cu l tu re  and has been proven t o  
be useful  i n  Cel l  Biology. Macrophages can be obtained from several 
mama1 i a n  species. They have numerous funct ions such as: ( 1  ) scavengers 
( c lea r ing  the body o f  dead ce l l s ,  inorganic c rys ta l s  and organic debr is) ,  
( 2 )  c e l l  -mediated defense system a5ai ns t  c e r t a i n  types o f  microorgani srs, 
p a r t i c u l a r l y  f a l c u l  t a t i v e  and ob l i ga te  parasites, (3 )  being involved i n  
ant igen presetitation t o  ce r ta in  lymphocyte subpopulations, a rd  f i n a l l y ,  
they are thoubcll; t o  be involved i n  ( 4 )  i n  v ivo regu la t ion  o f  granulocyte 
p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  -- i n  v i t r o .  To a;;complish these func- 
t ions ,  marcophage has ce r ta in  we1 1 -developed cha rac te r i s t i cs  such as: 
(1 )  h igh l y  developed phagocytic and p inocy t ic  a c t i v i t y ,  (2 )  the a b i l i t y  
t o  adhere t o  a charged surface re la ted  t o  phagocytic a b i l i t y ,  (3 )  the  
a b i l i t y  t o  respond t o  ce r ta in  classes o f  immunoglobulin G molecules and 
fo r  c e r t a i n  complement components, and (4 )  a s e l l  developed arsenal 
lysozomal (granule), ac id hydro1 ase, oxygenase and catonic prote ins.  
I I. Macrophaqe - Electrophoretic Mobil i ty : A Cancer Detector 
Fie1 d and Caspary (1970) found tha t  the e lec t rophore t ic  mobi 1 i t y  
r a t e  o f  macrophage c e l l  s  ob ta ined  from human sub jec ts  c o n t a i n i n g  tumors 
are s lower than normal human macrophages. Raw1 ins ,  Ic'oods and Bagshawe 
(1975) took lymphocytes from a  t o t a l  o f  161 subjects ,  i n c l u d i n g  normal 
con t ro l s  and p a t i e n t s  w i t h  mal ignant  and non-malignant c o n d i t i o n s  and 
have been i nves t i ga ted  f o r  t h e i r  response t o  myel i n  bas i c  p r o t e i n ,  
us ing the Macrophage E lec t r opho re t i c  Mobi 1  i ty (MEN) Test.  They c c n f i  rmed 
t h a t  t he re  was a  h i g h  l e v e l  o f  a s s x i a t i o n  t,,tween c l i n i c a l l y  ev i den t  
cancer and a  p o s i t i v e  response. Lymphocytes from 24 t o  45 p a t i e n t s  w i t h  
non-ma1 i gnan t  in f lammatory  and i schaemic d i  :,eases a1 so gave p o s i t i v e  r e -  
sponses. I n  46 p a t i e n t s  w i t h  b reas t  l u ~ p s  s tud ied  be fo re  mastectomy o r  
biopsy, the  t e s t  was p o s i t i v e  i n  15 o f  19 cases which proved t o  be mal ig-  
nant and i n  5 o f  27 which proa4ed t be benign on h i s t o l o g i c a l  examination. 
I n  the present  form, the  t e s t  i s  n o t  s u f f i c i e n t l y  r e l i a b l e  f o r  the  diag- 
nos is  o f  e a r l y  cancer. The r e s u l t s  suggcst t h a t  t i s s u e  nec ros i s  i n  ma l ig -  
nant and non-malignant cond i t i ons  may be one of the f ac to r s  r e s u l t i n g  i n  
s e n s i t i z a t i o n  t o  a n t i g e n i c  determinants present  i n  p repa ra t i on  o f  myel i n  
basic p ro te i n .  
The Macrophage E lec t r opho re t i c  l l ob i  1  i t y  Test was f i r s t  s u ~ ~ e s  t d  as 
being use fu l  i n  t he  d iagnos is  o f  human mal ignant  disease by F i e l d  and 
Caspary (1970) and Mu1 t i p l e  Sc le ros i s  (Ms)  by F i e l d  e t  a1 ., ( 1 9 7 4 ) .  These 
repor ts  encouraged i n t e r e s t  i n  de f in ino  the under l y ing  mechanisms o f  growth. 
The t e s t  i s  s i m i l a r  i n  p r i n c i p l e ,  t o  the b e t t e r  understood Macrophage I n -  
h i b i t i o n  Fac to r  (MIF) assay i n  which s e n s i t i z e d  lymphocytes a r c  s t imu la ted  
by the app rcp r i a t e  an t igen  t o  re lease  a f a c t o r  i n h i b i t i n g  rnacrophage m i -  
g ra t ion .  A s i m i l a r  imrnunological bas is  f o r  the two t e s t s  i s  suggcsted by 
t h e i r  capacity to detect lymphocyte sensi t iza t ion to  tumor basic protein 
I 
I i i n  cancer patients  (Hughes and Paty. 1971; Light e t  al. ,  1975). However, 
i the MEM Test i s  credited w i t h  greater  sens i t iv i ty .  
The MEN Test has demonstrated sens i t i za t ion  t o  a variety of an t i -  
gens including the purified protein derivative of the tubercul in in 
bacillus-fractioned thyroblogul in i n  Graves' Disease (Caspary -- e t  a1 ., 
1970), sa l ine  muscle and peripheral human nerve ex t rac t  i n  myaethenia 
gravi s (Fie1 d ,  1373), encephal i togenic fac to r ,  and human s c i a t i c  nerve 
basic protein i n  neurological disease (Field e t  a1 ., 1973). However, de- 
s p i t e  the apparent spec i f i t i  ty  of these responses, tumor basic protein 
wil l  give a positive resu l t  of the FlEM Test with lymphocytes from patients  
suffering from demyelinating disezse,  and myelin basic protein will evoke 
response with lymphocytes from patients  w i t h  ma1 ignant disease. 
The demonstration of ce l lu la r  inimune responsiveness ' J speci f ic  an- 
tigens in a variety of cl  inicopathological disease s t a t e  has followed 
rapidly upon the development of quant i ta t ive  and reproducti ble methods 
f o r  the detection of lymphocyte sensi t iza t ion.  One such technique 
(Diengdol and Turk, 1968) demonstrated a marked decrease i n  the e lec t ro-  
s t a t i c  charge of peritoneal macrophages from tubercul in-sensi t ive  guinea 
pigs a f t e r  challenged w i t h  tuberculin. They found that  the e f f ec t  was 
immunologically speci f ic  b u t  did not appear to  be dependent on the reac- 
t ion of antigen and on c i rcula t ing the reaction of antigen and c i rcula-  
t i n g  an t i  body occurring on the cel l  sui-face. The Macrophage Electro- 
phoretic Mobility ( M E M )  Test of Field and Caspary (1970) was based on 
these observations, and was claimed t o  demonstrate changes i n  the net 
electronegat ive surface charge o f  guinea-pig per i tonea l  macrophages f o l -  
lowing incubat ion wf t h  c u l t u r e  media conta in ing lymphocytes and a pre- 
v ious ly  encountered antigen. The v a r i e t y  o f  an ti gens repor ted t o  have 
been studied i n  the system i s  s t i l l  very l im i ted ;  hoi,ever, p a r t i c u l a r  
i n t e r e s t  arose from the repo r t  o f  F i e l d  and Caspary (1970) t h a t  lympho- 
cytes from cancer pa t ien ts  respond t o  a h i s  me-Ti  ke substance ex t rac t -  
able from the  human b ra in  and known as encephalitogenic f a c t o r  (EF), a 
r r~yel in  p r o t e i n  (MBP) preparation. La te r  repor ts  (Caspary e t  a1 ., 1971) 
have described s i m i l a r  o r  more marked resu l t s ,  us ing the "cancer basic 
p ro te in"  (CaBP), an ex t rac t  obtained by analogous procedure from a 
va r ie t y  o f  l~uman tumors. 
111. - Macrophage Membrane Bond Enzymes 
--- 
Biochemical markers have b e e ~  usefu l  i n  the determinat ion o f  mal ig- 
nant tumors, Histochemical analys is  and cen t r i f uga l  f r ac t i ona t i on  of 
t i ssue have shown t h a t  transpeptidase i s  a membrane-bound enzyme. 
Glenner -- e t  al., (1972) demonstraSed by a s p e c i f i c  histochemical method, 
located t h i r  mzyme on the brush border o f  the proximal convoluted tubules 
and loops o f  Henle i n  the kidney. The pa t te rn  o f  d i s t r i b u t i o n  has sug- 
gested the p o s s i b i l i t y  t ha t  the enzyme may p lay  a r o l e  i n  kidney func t ion  
f o r  example, i n  the tubular  reabsorpt ion o f  amino acids. His tochemical 
observations on the JuJunal mucosa o f  man which i n  some respects p a r a l l e l  
those o f  Glenner, Folk and McMillan (1962) on kidney, have st imulated 
speculat ion regarding a general r o l e  f o r  the enzyme i n  m i n o  a c i d  transport.  
Szewczuk (1965) has shown tha t  the t i ssue o f  man cc:ttained, i n  add i t i on  
to the membrane-bound enzyme, a small amount of gamma-gl utamyl trans- 
peptidase which is recovered in the high speed supernatant after cen- 
tri fugal fractionation of homogenates. Evidence was presented that the 
serum enzyme was closely related in properties to the soluble enzyme 
o f  liver. 
MATERIALS AND METHODS 
I. Reagents 
TC minimal essent ia l  medium eagle (MEM), TC 199 and TC Feta l  Calf 
Bovine Serum (FCBS) desicated were obtained from Di fco, De t ro i t ,  M i  c h i  - 
gan. Th iog lyco l la te  medium was purchased from Sigma Chemical Company, 
S t .  Louis, Missouri. Hank's Balanced S a l t  So lu t ion  (HBSS) was obtained 
from Flow Laboratories, Rockvi l le ,  Maryland. Sodium Chlor ide came from 
Fisher S c i e n t i f i c  Company, Fairlawn, New Jersey, Ten thousand u n i t s  o f  
Penici 11 i n  and 10,000 mcg Streptomyci nlml prepared i n  normal sa l  i ne came 
from I C I  B io log ica l ,  Cary, I l l i n o i s .  The uni form 10% s o l i d  polystyrene 
was purchased from Dow Chemical Company, Indianapol i s ,  Indiana. A1 1 
other chemicals were o f  ana ly t i ca l  grade. 
11. Animals 
Camm-Hartley s t r a i n  guinea p igs  were suppl ied by Cam Research, New 
Jersey and Sprague Dawley r a t s  were obtained from Charles River  Breeding 
Laboratories, Wilmington, Massachusetts. Rats i n fec ted  w i t h  Walkers 256 
Carcinoma, o r i g i n a l l y  a g i f t  from Dr. Wi l l iam R. Shapiro, Memorial ,loan- 
Ket ter ing Cancer Center, fiew York, New Ycrk. 
111. Induct ion - and I s o l a t i o n  of Macrophage f o r  Freezing Studies 
-- -
Normal guinea p i g  macrophages were produced by an i n t rape r i t onea l  
i n j e c t i o n  o f  20 ml o f  s t e r i l e ,  warm, l i g h t  mineral  o i l  i n t o  Camm-Hartley 
s t r a i n  guinea pigs o f  e i t h e r  sex, weighing i n  excess of 300 grams. No 
special precautions were taken t o  avoid i n f e c t i o n ,  bu t  o n l j  heal thy-  
appearing guinea pigs were used. A hear t  puncture was performed four 
days a f t e r  the  i n j e c t i o n s  t o  remove blood serum. One hundred f i f t y  ml of 
HBSS was then i n j e c t e d  i n t o  the per i tonea l  c a v i t y  t o  prov ide an i s o t o n i c  
environment f o r  the ce l l s .  A small i n c i s i o n  was then made i n t o  the p e r i -  
toneal c a v i t y  and the  HBSS; a  mineral  o i l  so lu t i on  conta in ing  macrophage 
c e l l s  was then removed. The c e l l s  were then cent r i fuged and washed w i t h  
Media 199. 
I V .  Induct ion - and I s o l a t i o n  - o f  Macrophaqe - f o r  Cul ture - and Enzyme - Assal  
Guinea p i g  macrophages were obtained from per i tonea l  exudate essen- 
t i a l l y  as described by P r i  tchard -- e t  a1 ., (1973). Guit~ea p i g  n'tacrophdges 
were produced by two consecutive i n t r a p e r i  toneal i n j e c t i o n s  w i t h  10 ml 
o f  Th iog lyco l la te  broth, 24 hours apart .  A washout was fol lowed a f t e r  
48 t o  72 hours w i t h  the exudate and 150 ml of heparinized HBSS. 
The suspension was cent r i fuged a t  10,000 rpm f o r  5  minutes and re -  
suspended i n  20 rnl o f  HBSS. The c e l l s  were added i n t o  a  t i ssue  c u l t u r e  
f l ask  and incubated f o r  2  hours a t  70'~. The cu l tu re  media was removed 
and washed twice w i t h  HBSS by very v i o l e n t  mixing t o  remove the un- 
attached eryothrocyte c e l l s .  The macrophage c e l l s  were removed by using 
rubbing abrasive w i t h  a  rubber policeman over the surface o f  the f l ask .  
V. V i a b i l i t i e s  
Cel l  su rv i va l  o r  v i a b i l i t i e s  were determined by dye exclus ion (two 
minutes i n  0.1 percent trypan blue),  and a  d i f f e r e n t i a l  count was per- 
formed from a  wet preparat ion s ta ined w i t h  c r y s t a l  v i o l e t  (Wei ler and 
Weiler, 1965). The percentage of  v i a b i l i t y  was ca lcu la ted  by using the 
following formura: 
% Viabi 1 i :y = Non-Stained Cells X 100 
Total Cells 
VI. Determination - of Electrophoresis 
Standard aseptic techniques were observed throughout the experiments. 
The NaCl buffer had minimal exposure to a i r  and a l l  transfers were done 
with s t e r i l e  syringes. A part ic le  Microelectrophoresis Apparatus (rnanu- 
factured by Rank Brothers, Bottishma, Cambridge, England) was used for  
m a z ~ i v ~  the electrophoretic mobil i ty (Figure 1). 
Mobility measurements were made f i r s t  by t u r n i n g  on the voltage and 
waiting for a well -focused cell .  Movement of the cell  was then observed 
from one graticule l ine across one or more graticule divisions to  another 
graticule l ine.  The process was repeated until a s e t  of 10 readings w3' 
obtained. Calculations were done by dividing the cel l  per unit e lec t r i -  
cal fie1 d strength ( X )  into the electrophoretic velocity ( V ) .  Electro- 
phoretic mobil i ty i s  represented by U. 
VII. -- Solid Tumor Transplantation 
Two healthy rats  bearing 14-day-old Walker tumors were sacrificed. 
The largest, most firm nonukerated tumor was then selected, The r a t  
was then placed under a s t e r i l e  laminar flora hood. The ventral area 
was then placed in cotton, soaked with 95% alcohol a f t e r  which the tumor 
was removed, Only the non-necrotic and non-hemorrhage area of tumor 
(Pearl-white area taken generally a t  periphery) were cut into small 
t'igure 1. Rank par t ic le  Electrophoresis 
cubes, approximately 8 mg pieces measuring approximately 2.5 mm. An 
i n c i s i o n  was made i n t o  the muscles o f  the femor o f  t en  r a t s  using a 
sharp scapel. A fragment o f  the tumor was then placed i n t o  the muscle. 
The gamma-g'utamyl transpeptidase enzyme a c t i v i t y  was then measured on 
ten  animals a f t e r  14 days. Mamnary tumors were t ransferred by 10 m i  
i n j e c t i o n s  i n t o  the r i g h t  Aductor brevis.  
V I  I I. Macrophage Cul ture System 
A batch cu l tu re  system was used t o  c u l t i v a t e  per i tonea l  macrophage 
ce l l s .  Peri toneal macrophage c e l l s  from guinea p igs  were obtained essen- 
t i a l l y  as described by P r i t cha rd  (1973). A f t e r  the  macrophages were ob- 
ta ined and resuspended i n  100 ml o f  MEM conta in ing  20% FCBS, 10,000 u n i t s  
p e n i c i l l i n  and 10,000 mcg st r tp tomycin per  ml , 25 ml o f  c e l l  suspension 
was added t o  14 Falcon Tissue c u l t u r e  dishes. The media i n  the f l a s k  
was changed every 24 hours. V i a b i l i t i e s  were then performed on t o  f lasks, 
every 48 hours. 
I X .  Freezins Methods 
I n  15 m l  ampule v i a l s ,  5 m l  o f  macrophage c e l l s  were suspended i n  
TC 199 Medium. Cryogenic p ro tec t i ve  agents (g lycero l  and DMSO) were 
added a t  5, 10, and 15 percent concentrations. The c e l l s  were conse- 
quent ly  frozen a t  - 8 0 ' ~  i n  a Kelv inator  f reezer ,  a t  a freezing r a t e  of 
decreased temperature a t  1°c/5 minutes. A t  the  end o f  the f i f t h ,  10th 
and 15th days, the v i a b i l i t i e s  and m o b i l i t i e s  were determined. 
X. Determination - o f  Phagocytic A c t i v i t y  
A s t e r i l e  p i p e t  o f  one ml macrophage c e l l  suspension was extracted 
and added t o  a small p e t r i  d ish  conta in ing  a covers l  i p  and 9 ml of TC 
199 medium. The c u l t u r e  was al lowed t o  incubate fo r  two hours a t  3 7 ' ~  
i n  5% Cop atmosphere so t h a t  the  macrophage could adhere t o  the  glass 
covers l  ip .  Fol lowing incubat ion, the covers l  i p  was removed w i t h  f o r -  
ceps, r i nsed  twice wi th TC 199 medium and placed i n  another p e t r i  d i s h  
conta in ing  13 ml o f  the appropriate amount o f  d i l u t e d  l a t e x  p a r t i c l e s  
i n  suspension. One ml o f  suspension was then taken and observed f o r  
engu l f  on l a t e x  p a r t i c l e s  w i t h  a Zeiss Phase Contrast Microscope. 
X I .  MEM Tes;: for  Malignant Disease 
-.--- -
Three treatments were observed f o r  the de tec t ion  of mal ignant 
disease. The f i r s t  t reatment consisted o f  2 m l  guinea p i g  macrophages 
and 20 ml NaCl bu f fe r .  The second treatment consis ted o f  2 m? guinea' ' 
p i g  macrophages, 20 m l  NaCl and 10% Supernatant I. 
Supernatant I consisted o f  20 m l  macrophages from r a t s  which cpn-  
ta ined Walker 256 tumors. Macrophages were induced and i s o l a t e d  as d i s -  
cussed prev ious ly  i n  t h i s  paper. Supernatant I 1  was prepared the same 
as Supernatant I except the macrophage c e l l s  were taken from r a t s  which 
were no t  induced w i t h  tumors. 
X I  I .  Assay - f o r  Glutamyl Transpeptidase 
Per i toneal  blood and 1 i v e r  macrophages were obtained from r a t s  
conta in iog  Walker 256 Carcinoma (tumors) and r a t s  w i thout  Walker's 256 
tumor. Three c e l l  suspensions were s e t  up f o r  the c o n t r o l  and tumor- 
induced ra t s .  The f i r s t  reac t ion  tube contained . 9  ml subst ra te  and 
enzyme. The second contained .9 m l  substrate and .9 ml buf fer .  The 
i 
i 
third tube contained . 9  ml enzyme and . 9  m l  buffer. Cell's from these 
1 suspensions were then analyzed on a Spectrometer (Beckman 20) a t  400 nm 
i 
a t  one minute intervals f o r  a total  of 15 minutes. The macrophage was 
: semi-purified by incubating for  two hours a t  37 '~  in MEM on a glass slide. 
A t  the end of two hours the glass s l ide was washed twice with fresh MEM 
{ 
media and a rubber policeman's whigtle was used to  detach the ce l l s  from 
the glass slip.  The ce l l s  were then centrifuged and resuspended in 10 ml 
of Tris HC1 buffer (pH 9). ??is whole cel l  was used as the enzyme pre- 
paration. 
The substrate was prepared so that 0.9 m l  contains 5 micror~1.c. 
L-glutamyl-p-ni troanil ide, 10 micromoles MgCI*, and luO micromoles Tris 
HC1 h f f e r  (pH 9) .  To achieve a complete solution the substrate was 
heated to  55'~. 
RESULTS AND DISCUSSION 
Macrophage Culture Experiments 
Stuart - e t  2' a1 (1974) reported tha t  macrophage c e l l s  cannot remain 
a l i ve  longer than 48 hours i n  c e l l  culture. This physio logical  s ta te  
makes them unfavorably t o  be used as candidates f o r  space experiments. 
To study electrophoretic rnobi1i.t~ o f  macrophage c e l l s  i n  space would 
require a cei 1 v i a b i l i t y  greater thuil 30 days. An experiment was de- 
signed t o  increase the f e t a l  c a l f  serum content reported by Stuart  .et  a l  . , 
(1974) from 7% t o  15%. It was found t ha t  a zero v i a b i l i t y  d i d  not  occur 
u n t i l  the four th  day (Tqble 1). Therefore, the increase i n  the concen- 
t r a t i on  o f  feta l  c a l f  serum resul ted i n  the c e l l s  remaining a l i v e  two 
days longer. This could possib ly be due t o  an increase i n  binding o f  
c e l l  surface and phagocytosis due t o  the serum. The resu l t s  indicated 
tha t  not only nut r ients  could be the inf luencing fac to r  i n  the surv iva l  
of macrophage c e l l s  -- i n  v i t r o ,  but  ~ l s o  the accumulation of tox ic  c e l l  
products as observed by the rap id  a c i d i t y  of the cu l tu re  media. The pH 
o f  the batch cu l ture  system changed from 7.2 t o  6.2 w i t h i n  72 hours. 
This demonstrated growth and prod~lct ion o f  organic acids. To increase 
c e l l  v i a b i l i t y ,  a cu l ture  system was designed t o  remove the accumulation 
of organic acids and other tox ic  cel  l u l a r  products. Table 2 reported 
the survival o f  guinea p i g  peri toneal macrophage c e l l s  i n  a continuous 
cul ture system. It can be noted that  there was very s l i g h t  change i n  
pH from 7.2 t o  7.4. An increase not a decrease was observed i n  the 
batch cu l ture  system. There was a 34% reduction i n  v iab le  c e l l s  i n  
3 
! 
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Table 1. V i a b i l i t i e s  o f  Macrophages i n  Batch Culture 
1 
Time (hours) Number o f  Macrophages* % V i a o i l i  t y  
* The data represents an enumeration o f  the t o t a l  c e l l s  present i n  
the sample, both a l i v e  and dead. 
Table 2. The Survival  o f  Macrophages I n  A Continuous Cul tuvat ion System 
T i  me (hours) 
Number o f  Macrophages Viability 
(Ce l l  s/ml ) pH of Media 
the continuous c u l t u r e  o f  the three +ys (Table 2 )  as compared t o  a 
94% reduct ion i n  the batch cu l tu re  ('fable 1). This suggested t h a t  
c e l l s  could remain v iab le  longer i f  t a x i c  products were removed as i n  
a cmt inuous system. 
Figure 2 shows an i l l u s t r a t i o n  o f  the continuous c u l t u r e  system. 
The column was packed w i t h  glass beads t o  a l low a surface f o r  the macro- 
phage t o  be attached. This instrumentat ion used i n  the  experiment was 
capable o f  c o n t r o l l i n g  the f l ow  of f resh  media a t  1 ml/rnin. The slow 
growth r a t e r  o f  macrophages i n  submerged c~ l ' t u res  could poss ib l y  be 
5 a t t r i b u t e d  t o  the reduct ion i n  the number o f  c e l l s  from 18 X 10 t o  
9 X l o 5  (Table 2) .  The lowest d i l u t i o n  r a t e  t h a t  could be obtained was 
* 
1.2 hour-' which was greater  than the growth rate,  thus re, , ~ t i r g  i n  
l o s s  o f  c e l l s  by washing out. An attempt t o  increase the growth r a t e  o f  
macrophage c e l l s  i n  the continuous c u l t u r e  system was performed by 
supplementing f resh  media w i t h  serum p r o t e i n  i s o l a t e d  from the  guinea 
p i g  used as the source o f  macrophage c e l l s .  The number of  macrophage 
c e l l s  and pH remained constant over the three-day prowing per iod  a t  
5 15 X 10 and 7.0, respect ive ly  (Table 3).  This suggested t h a t  a steady- 
s t a t e  cond i t ion  was obtained where the instantaneous growth r a t e  of 
macrophage c e l l s  equals t h a t  o f  the d i l u t i o n  ra te ,  r e s u l t i n g  i n  no l oss  
i n  c e l l s  by washing out. Guinea p i g  serum was used instead o f  f e t a l  
c a l f  serum which was obtained from another animal species. I n  conclusion, 
the  removal o f  o l d  c u l t u r e  media and the use o f  p r o t e i n  i s o l a t e d  guinea 
p igs  increased the su rv i va l  o f  macrophape -- i n  v i t r o .  
Consul t a t i o n  w i t h  Dr. Linda IJashington, Howard Un ivers i ty ,  generated 
Figure 2. Continuous culture system 
Table 3. The Surv iva l  o f  Macrophages I n  A Continuous C u l t i v a t i m  System 
w i t h  Media Containing Guinea P i g  Serum 
Time 
(hours) 
Number o f  Macrophages L,iabil 
( C e l l  s/ml ) pH o f  Media 
a method t ha t  yielded no percent v i a b i l i t i e s  o f  macrophages i n  batch 
cul ture (Table 4). The fo l lowing modifications were made using t h i s  
method. 
(1) 4% Thioglycolate was used t o  induce macrophage instead o f  
mineral o i l .  
(2) The cu l ture  media contained 20% fetal  c a l f  serum instead o f  
7 o r  15%. 
(3) Fresh media w i t h  serum was added every 24 hours. 
As shown i n  Table 4, a constant c e l l  concentration was obtained and 
no reduction i n  v i a b i l i t y  over a five-day growth per iod resulted. The 
constant c e l l  concentration, i n  part,  could be due t o  the attachment o f  
c e l l s  t o  the f l ask  surface and when the f resh media i s  added, any unat- 
tached c e l l  w i l l  be removed. Secondly, the high v i a b i l i t y  could be a t -  
tri buted t o  a s l i g h t  t o x i c i t y  o f  mineral o i l  on macrophage ce l ls .  These 
ce l l s  engulf the mineral o i l  and o i l  drop1 ~ t s  can be observed under a 
aicroscope. During c e l l u l a r  growth the o i l  c c ~ l d  i n h i b i t  nu t r i en t  d i f -  
fusion, movement and assimilat ion, and thus the c e l l  i s  deprived o f  essen- 
t i a l  nut r ients  for i t s  survival.  By using Thioglycolate instead o f  mineral 
o i l ,  t h i s  w i  11 not  occur because these ce l l s  can catabol i z e  Thioglycolate 
and u t i l i z e  i t  as a carbon and su l fur  source. Also, Thioglycolate w i l l  
maintain a lower redox potent ia l  o f  the media which i s  more favorable f o r  
the growth o f  these cel ls .  
Freezing experiments were i n i t i a t e d  i n  an e f f o r t  t o  increase the 
survival time and case o f  handling the macrophages f o r  space studies. 
After s i x  days o f  storage, 4 ' ~  and 'OC, the macrophage c e l l s  were 
Tab le  4. The Surv iva l  of Marcophages i n  Cu l tu re *  
Time 
(hours) 
Nurber o f  Macrophages 
( C e l l  s/ml ) % V i a b i l i t y  
* Macrophage c e l l s  were induced w i t h  4% Th iog lyco la te  and the  cu l -  
ture  media contained 202 F e t a l  C a l f  Serum. 
s t i l l  about 50% viable (Table 5). O f  the two storage temperatures, 4 ' ~  
had the higher v i a b i l i t y .  
V i a b i l i t y  was a t t r i bu ted  t o  an increase in concentration o f  cryo- 
genic pro tect ive  agents (g lycerol)  from 7 t o  15%. The decrease i n  the 
t o t a l  number o f  c e l l s  of the sample stored a t  4 ' ~  could possib ly ind icate  
c e l l  autolysis. The thawing process o f  the frozen sample ( -70'~) ap- 
peared t o  cause c e l l  rupture as indicated by the decrease i n  macrophage 
v i a b i l i t y .  To avoid c e l l  rupture by i ce  formation dur ing freezing, an 
experiment was designed t o  determine an optimal concentration of cryogenic 
pro tect ive  agents. 
The resu l t s  o f  t h i s  experiment indicated t ha t  adding cer ta in  pre- 
servatives t o  the stored media increased the surv iva l  t ime o f  macro- 
phages (Table 6). The data i n  Table 6 shows t ha t  g lycero l  i n i t i a t e d  
higher c e l l  v i a b i l i t y  between 5% and 10% concentration as compared t o  
Oimethyl Sulphoxide (DMSO). However, above 1 0 %  the inf luence of OMSO 
on the membrane surface prevented i n t r a c e l l  u l a r  i c e  formation. I f  the 
c e l l s  were completely impermeable t o  an addi t ive,  they should shrink as 
a r esu l t  of the osmotic withdrawal o f  water, and i t  should remain shrunk- 
en. On the other hand, i f  c e l l s  were completely permeable t o  an addit ive, 
they should shrink i n i t i a l l y  from loss o f  water and then expand back t o  
t h e i r  o r i g i na l  volulne as the add i t ive  penneakes. DMSO i s  a rap id ly  per- 
meating agent when exposed t o  ce l l s ,  thus probably w i l l  be a more e f -  
fec t i ve  cytogenetic pro tect ive  agent a t higher concentration than g ly -  
cerol.  Glycerol i s  p a r t i a l l y  able t o  penetrate the c e l l  as a r e s u l t  o f  
d i f fus ion.  The glycerol  protects the c e l l s  on a molar basis by reducing 
. 1 Table 5. The Survival o f  Macrophages Stored a t  dot and - 7 0 ' ~  
1 
i 
Time Stored a t  4 ' ~  Stored a t  -ZOOC 
(Days) # o f  Macrophages % V i a b i l i t y  # o f  Macrophages % V i a b i l i t y  
(Cel l  s/ml ) (Cell  s/ml ) 
Table 6. The V i a b i l i t y  of Macrophage Ce l ls  Stored i n  DMSO and Glycerol 
DMSO Concentra- Glyc-r ine Con- 
t ions % V/V * centrations % V/V % V i a b i l i t y  
- - - - -- -  -. -- 
* The (-) represents sample loss due t o  breakage. 
the electrolyte ccncentration in the residual unfrozen solution in and 
around a cell  a t  any given temperature. 
The total  mole fraction of a glycerol solution a t  a constant pres- 
sure i s  determined by temperature alone. If  a l l  the solutes are elec- 
trolytes, then the required mole fraction will consist ent i rely of 
electrolytes. B u t  i f  a non-electrolyte such as glycerol i s  present, the 
concentration of electrolytes will be reduced and the extent of reduc- 
tion a t  a given temperature will be approximately proportional to  the 
osmolar ra t io  of glycerol to electrolyte in the in i t i a l  suspension. The 
data i n  Figure 3 st,ows that the influence of Glycerol concentration when 
supplemented i n  Media 199 on the viabili ty of macrophages stored a t  
-196'~. Cells frozen i n  media containing 51 glycerol showed a slower rate 
of death. The reverse in phenomenon showing macrophage ce l l s  with 10 and 
15% glycerol concentration under a slow cooling rate ,  extensively re- 
duced the required mole fraction of s a l t  electrolyte to  a lethal level. 
Another interpretation i s  that glycerol penetrated cell  s and increased 
the cell volume causing rupture of the cell  membrane. There i s  also a 
difference in mobility of ce l l s  stored in DMSO as compared to  glycerol 
(Table 7). The mobility readings a t  5% glycerol were very close to  the 
mobi 1 i ty rate for non-treated macrophage cell  s. A t  concentrations in 
greater volume than lo%, the mobility rates were much higher. This i n -  
crease could possibly be due to readings made on dead cel ls .  The non- 
viable ce l l s  were found t o  have a higher electrophoretic mobility. 
The storage of cel ls  under liquid nitrogen did not a l t e r  the 
-6 5% Glycerol 
10% Glycerol 
A & -  15% Glycerol 
Figure 3, Percentage of Viable Macrophage Cells When Exposed i n  
Different Concentrations of Glycerol During Freezing 
Table 7. The Electrophoretic Mobi l i t ies o f  Macrophages i n  DMSO and 
Glycerol 
OMS0 Concentra- Electrophoretic Glycerol Con- Electrophoretic 
tions % V/V Mobi 1 i t i e s  centrations Mobil i t ies 
Yu/Sec/V/Cn Mu/Sec/V/Cm 
* These ce7 1s were stored a t  -80°c f o r  f i v e  days before readings were 
made. 
activit ies of the ce l l s  as shown in Table 8. However, the cell  viabi l i ty  
was not maintained. The unstable cell  viabi l i ty  i n  this  experiment can 
be attributed to  cell  shock resulting from a change in temperature during 
storage. The temperature changed from ,196Ot to --~J'c. 
The optimal freezing raLe of the macrgphdge ce l l s  using 7% glycerol 
as the protective agent was 3'~/min. This is not necessarily the cooling 
rate that yields maximum survival. Mazur _.- e t  a1 ., (1370) reported that op- 
timal rates can d i f fe r  by a t  least  a factor of 2000 it: different cel ls .  
Furthermore, even i n  a given type of cel l  the optimum can vary with con- 
ditions of freezing rate between 3°~;min and rapid freezing by submerg- 
ing i n  liquid nitrogen. These resul t s  suggest that two factors affect  
cell  viability: (1) ce l l s  cooled more slowly are injured chiefly by 
solute concentration o r  dehydration, and ( 2 )  ce l i s  cooled more rapidly 
are injured chiefly by intracel lular  freezing and by recrystall ization 
during thawing. The fact  that glycerol can confer protection during slow 
cooling suggests that  the surface of the cell  membrane i s  especially suscep- 
t ib le  to damage by freezing. The results of freezing experiments were 
encouraging and could possibly be an economical and simple means of 
storing the ce l l s  , provided that higher viabil i t y  and electrophoretic 
characteristics of the ce l l s  could be maintained. 
Over the years,several strains of r a t s  and mice have been obtained 
by continual in-breeding, and certain of these s t rains  are prone to  a 
h i g h  incidence of a particular cancer.. Figure 4 shows a mouse with two 
breast cancers from a strain that shows a very high incidence of these 
two tumors. In this case the cancer i s  caused by surgical transplant. 
Table 8, Effects o f  Temperature Rate o f  Freezing Activities o f  Macro- 
phage Cells 
Freezin Rate 
(,/min! 
- - 
% Viability % Phagocytosis 
. . -  -*- - 
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I n  many cases, the  cancer i s  caused by a v i r u s  which i s  t ransmi t ted  
from generation t o  generat ion i n  the  m i l k  of  the  mother. 
A1 te rna t i ve l y ,  cancers can be made t o  a r i s e  i n  animals by a number 
o f  methods such as the  app l i ca t i on  o f  chemicals o r  the admin i s t ra t i on  of 
viruses. However, the most favored method, because i t requ i res  l ess  
space and a smal ler  number o f  animals, i s  t o  ob ta in  the tumor by t rans-  
p lantat ion o r  by i n j e c t i n g  a subcutaneous c e l l  mixture. The tumors i n  
t h i s  ser ies (a mal ignant melanoma and a Walker 256) are  l o c a l l y  invas ive  
and tend t o  i n f i l t r a t e  s t r i a t e d  muscle and f a t t y  t i ssue  (Figure 4). I n  
tumors exceeding 5 mm i n  diameter necrosis o f  cen t ra l  area i s  observed, 
surrounded by a r i m  of nonnectot ic tumor t i ssue  a t  the  periphery. Trans- 
planted tumors grow l o c a l l y  a t  the s i t e  o f  imp lan ta t ion  and metas ta t ic  
spreading t o  lymph nodes o r  organs has n o t  been observed. 
Macrophage Membrane Enzyme A c t i v i t y  
I t  has been recen t l y  repor ted t h a t  gamna-glutamyl transpeptidase ac- 
t i v i  t y  i s  higher bn tumor-containing i n d i v i d u a l s  than normal populat ion, 
This enzyme i s  associated w i t h  the c e l l  membrane and a c t i v i t y  could pos- 
s i b l y  be involved i n  the e lect ronegat ive change d i f f e r e n t  i n  macrophage 
cel ls .  An experiment was designed t o  measure the  a c t i v i t y  o f  t h i s  en- 
zyme i n  r a t s  induced w i t h  Walker 256 tumor and mamnary tumor. A s i g n i -  
f i can t  amount o f  gamna-gl u t r i y l  transpeptidasc! a c t i v i t y  was n o t  not iceable 
i n  these animals (Figure 5 ) .  The con t ro l  group, 4% Thioglycolate, i n i -  
t i a t e d  macrophage c e l l s  bu t  very l i t t l e  c e l l s  were i s o l a t e d  from p e r i -  
toneal o f  r a t s  conta in ing mamary carcinoma. Low concentrat ions of ce l  l s 
may be one explanat ion f o r  gamna-glutamyl transpeptidasc a c t i v i t y  being 
zero. 
Commercial enzym 
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Figure 5. The amount o f  gamna-glutamyl transpeptidase a c t i v i t y  
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